Background Since the modern description of femoroacetabular impingement (FAI) a decade ago, surgical treatment has become increasingly common. Although the ability of open treatment of FAI to relieve pain and improve function has been demonstrated in a number of retrospective studies, questions remain regarding predictability of clinical outcome, the factors associated with clinical failure, and the complications associated with treatment. Questions/purposes We therefore described the change in clinical pain and function after open treatment, determined whether failure of treatment and progression of osteoarthritis was associated with Outerbridge Grade IV hyaline cartilage injury, and described the associated complications.
Introduction
Femoroacetabular impingement (FAI), or abutment of the anterior femoral head-neck junction against the anterior acetabular rim or labrum [5, 15, 19, 20, 29, 39] , has been the focus of increasing research in the past decade and is reportedly an etiologic factor in osteoarthritis (OA) of the hip [5, 10, 15, 24, 25, 31, 32, [40] [41] [42] . Because of this apparent relationship, Ganz et al., among others, have advocated early surgical intervention in symptomatic hips [15, 23, 31, 36, 40] . The surgical goal is to eliminate impingement of the femoral head-neck junction on the anterior acetabular rim by débriding the excessive osseouschondral tissue from the femoral head-neck junction and/or the acetabular rim. Additionally, several investigators have described treatment of the associated chondrolabral injury frequently encountered in the anterosuperior quadrant of the acetabulum. Indeed, the prognosis of the hip may be directly related to the extent and severity of chondrolabral injury [5, 6, 12, 28, 31, 33, 36] .
To allow for complete visualization of the intraarticular proximal femur and acetabulum, Ganz et al. [13, 16] described a safe method surgically dislocating the femoral head via a trochanteric flip osteotomy and anterior capsulotomy. The specific advantages of the approach are complete visualization and access for treating intraarticular femur and acetabulum without compromising the posterior-based blood supply to the femoral head [13, 16] . Since the original description of the surgical dislocation and osteochondroplasty (SDO) procedure, several investigators have reported low failure rates with minimal complications [3, 6, 8, 28, 33] . Beck et al. [6] reported five failures and no complications in 19 hips. Similarly, Bizzini et al. [8] reported no failures or complications in a small series of five professional hockey players while Murphy et al. [28] reported on 23 hips with seven failures and no complications. In our original series of 30 hips, we reported four failures and no complications [33] . Beaule et al. [3] reported six failures and no complications in his series of 37 hips. More recently, Graves and Mast [18] reported on 48 hips noting improvement in clinical scores in 96% without osteonecrosis or trochanteric nonunion.
In this study, we (1) describe the change in clinical pain and function after open treatment and determine whether failure rates are higher with increasing severity of hyaline cartilage injury noted at the time of surgery; (2) describe the progression of radiographic osteoarthrosis after open treatment and determine whether radiographic progression was related to Outerbridge Grade IV hyaline cartilage injury; and (3) describe the complications associated with open treatment.
Patients and Methods
We retrospectively reviewed all 94 patients (96 hips) with FAI treated with open surgical dislocation between 2000 and 2008. The type of impingement was predominately cam impingement in 33 hips, pincer impingement in six hips, and combined cam and pincer impingement in 57 hips. There were 39 females and 55 males with an average age of 28 years (range, 14-51 years) ( Table 1 ). The right hip was involved in 56 patients, and the left in 40 patients. Two patients had bilateral staged procedures. The average patient height was 68.5 inches (range, 62-75 inches) and the average body mass index was 27.2 (range, 16.8-35.9 ). Eighteen patients (18 hips) had undergone prior procedures. The mean followup was 26 months (range, 18-96 months). Nine patients had less than 18 months of followup.
All patients with FAI presented with anterior groin pain with flexion activities such as sitting, squatting, or certain work-specific maneuvers. The impingement test, performed at 90°of flexion with internal rotation and adduction of the femur, produced pain in all patients [33, 35, 37] . Fluoroscopically guided intraarticular hip injection with local anesthetic and corticosteroid was used in most patients to corroborate an intraarticular source of pain.
Surgical dislocation was performed utilizing a lateral incision with greater trochanteric flip osteotomy with the patient in the lateral position on a radiolucent table. The short external rotators including the piriformis and posterior capsule were left intact. A Z-shaped anterior capsulotomy was performed with the superior limb of the capsulotomy taken from the acetabular origin and the inferior limb from the femoral attachment. The femoral head was dislocated anteriorly [13] . The proximal femur was retracted posteriorly and the integrity of the acetabular labrum and hyaline cartilage was assessed. The integrity of the acetabular labrum was assessed and damage was classified by the primary surgeon (CLP) as a labral tear, degeneration, detachment, calcification, or labral absence. Labral and acetabular cartilage lesions were described using the clock classification system [5, 26] . Eight-two of the 96 hips (85%) had an abnormal labrum: 44 detached labra, 15 tears, nine with labral degeneration, 10 calcified labra, and four absent labra secondary to débridement at prior arthroscopy. Fourteen hips had normal labra. Damage to the acetabular labrum or underlying articular cartilage consistently involved, but was not necessarily contained within, the anterosuperior quadrant (12 to 3 o'clock) of the acetabulum at the region of abutment of the femoral head-neck junction against the acetabulum. No contrecoup lesions [5] beyond Outerbridge Grade I or II were noted intraoperatively.
One of us (CLP-the operating surgeon) graded the size, character, and location of the acetabular articular cartilage damage according to the Outerbridge grading system of chondral injury [30] . Particular attention was paid to assess for acetabular hyaline cartilage delamination including wave phenomenon-type lesions without a free edge [2, 4] . Specific treatment of damaged acetabular articular cartilage evolved over the course of the study period as we gained experience in treating the chondral lesion most commonly associated with FAI [2] .
Fifty-three of 72 acetabula with cartilage lesions underwent resection of the damaged or delaminated hyaline cartilage and the underlying subchondral bone to establish a stable edge of intact hyaline cartilage. Fortythree of these underwent concurrent labral refixation [11, 33] . The remaining 10 acetabula had thin, degenerative labra or deficient anterior labra from previous arthroscopy that could not be repaired. Of the 48 hips with Outerbridge Grade III or IV cartilage delamination, 11 underwent débridement of the delaminated articular cartilage and either microfracture of the acetabular subchondral bone (seven hips) or no specific bony treatment; the remaining 37 hips underwent rim resection [11, 33] . Osteochondroplasty of the femoral head-neck junction to improve femoral head-neck offset was performed in 95 of 96 hips (99%).
Five hips underwent planned, staged procedures commencing with SDO to address the cam impingement and associated acetabular hyaline cartilage damage, followed by periacetabular osteotomy (PAO) to reorient the position of the acetabulum [1, 14] . Three of these five hips had large acetabular delamination lesions diagnosed preoperatively by MR arthrography that were treated by resection of the acetabular rim and labral advancement [11, 33] . The resulting iatrogenic deficiency of acetabular coverage was treated by a planned staged PAO. The remaining two patients had Legg-Calvé-Perthes or Legg-Calvé-Pertheslike hips with severe cam deformities of the proximal femur, impingement of the greater trochanter, and deficient acetabular coverage. These patients were treated with SDO to address the femoral deformity followed by PAO to address the acetabular deficiency.
Patients were hospitalized an average of 3 days (range, 2-5 days). No drains were used, and dressings were removed on the second postoperative day. Anticoagulation included enoxaparin and foot compression boots as an inpatient. Patients were prescribed aspirin for 6 weeks after hospital discharge. Partial weightbearing was encouraged for 6 weeks with two crutches; then full weightbearing was allowed with one crutch or a cane until ambulation could be accomplished without a limp.
Patients were followed prospectively according to a clinical and radiographic protocol we have used for all patients treated for hip preservation since 1997. Clinical results were graded using the Harris hip score (HHS), measured by authors (JE, KS, LA) other than the operating surgeon preoperatively, at 6 months and 1 year postoperatively, and yearly thereafter. Clinical failure was defined as pending or actual progression to arthroplasty or a lower HHS at final followup when compared to the preoperative score.
All 96 hips had preoperative, postoperative, and followup (6-week, 6-month, and yearly) standing AP pelvis, false profile, and cross-table groin lateral radiographs [22, 27, 39] . We observed morphologic heterogeneity of the acetabulum and femur. Twenty-eight percent of hips were retroverted and 42% of hips had a posterior wall sign. The average lateral center-edge angle had a wide range (0°-63°) and it was greater than 15°in 90 of 96 hips, less than 20°in nine (eight of which were Legg-Calvé-Perthes hips), 20°-24°in 11, and greater than 24°in 85 hips. An os acetabuli [24] was present on seven of 96 hip radiographs (two acetabula were anteverted, two were neutral, and three were retroverted). There was relatively even distribution of preoperative Tönnis radiographic grade for OA for Grades 0 through 2 ( Table 1) . No acetabular delamination cysts were observed in retrospective review of preoperative radiographs [17] , which may be related to patient selection for THA versus SDO in our series.
We compared the preoperative and postoperative HHS and the age of failed versus non-failed hips using Student's t test. We used Fisher's exact test to determine whether patients with Grade IV articular cartilage damage were more likely to have radiographic progression of OA than those with less grades and whether patients with Grade IV damage were more likely to have clinical failure. All of the collected data were analyzed using a commercially available software package (FileMaker1 Pro 7.0, FileMaker, Inc, Santa Clara, CA; and Microsoft1 Excel1, Microsoft Corp, Redmond, WA).
Results
The average HHS improved (p \ 0.0001) from a preoperative value of 67 (range, 43-87) to 91 (range, 48-100) at final followup. Six patients (six of 96 hips, 6.25%) were considered clinical failures because of worsening HHS or conversion to arthroplasty. Five of the six failures were among the first 30 patients treated. Five of the six failures were converted to arthroplasty (two at 3 months and one each at 1, 2, and 3 years postoperatively) ( Table 2) . A higher percentage (p = 0.06) of hips that had failed had Grade IV cartilage damage than those that survived: four of the six failed hips ( Table 2) Treatment of the acetabular hyaline cartilage in the failed cases was as follows: two lesions were treated with cartilage flap resection and microfracture while two were treated with labral takedown, lesion resection, and labral advancement. The fifth failure had Outerbridge Grade 0 at time of SDO with combined impingement that went on to THA at an outside facility 3 years after SDO. The sixth failure was a patient with Legg-Calvé-Perthes disease with multiple previous surgeries who had deterioration of HHS at latest followup. When the one hip with slipped capital femoral epiphysis and one with Legg-Calvé-Perthes were eliminated, the average age at surgery of the patients with hips that went on to failure was older (p = 0.017) than that for the entire study group: 38.5 years versus 28 years, respectively. Only three of the six failures demonstrated worsening Tönnis grade before THA, and of those, one worsened one grade ( Table 2) .
At last followup, the Tönnis grade worsened in 25 of 96 hips ( Table 3 ). Seventeen of these 25 hips (70.4%) had severe acetabular articular cartilage delaminations (Outerbridge Grade IV) at arthrotomy. Twenty-three of these 25 hips (92%) continue to function well with an improved HHS. In the 71 hips without radiographic progression, 24 had Outerbridge Grade IV lesions, seven had Grade III, and 40 had Grade 0 to II. We found a lower incidence (p = 0.11) of Outerbridge Grade IV lesions in the hips without radiographic progression of OA (24 of 71 hips, 35%) than those with progression (17 of 25 hips, 70%). There were two complications related to fixation of the greater trochanter: one early failure of fixation due to failure to acquire cortical screw purchase distally in a female patient and one nonunion in a male patient. Both cases were treated with revision fixation with subsequent full recovery and improved HHS. There were no nerve palsies, infections, osteonecroses of the femoral head, or femoral neck fractures in the series. Estimated blood loss for the operations averaged 325 mL (range, 100-1500 mL).
Discussion
Recent evidence suggests altered hip morphology may be the primary etiology of hip OA in young adults [15, 23, 38, 40] . Impingement of the proximal femoral head-neck junction on the anterolateral acetabular rim results from abnormal morphology: primarily reduced femoral headneck offset or a maloriented acetabulum or both [5, 15, 23, 25, 32, 33, 40, 41] . Treatment of FAI has focused on relief of femoroacetabular abutment and repair or débridement of damaged chondrolabral tissue [6, 7, 9, 11, 15, 28, [31] [32] [33] [34] . In 2006, we reported on the first 30 patients treated by us with surgical dislocation [33] . This report represents an update of that series and includes a review of 96 consecutive hips treated from 2000 to 2008. The purposes of the current study were to (1) describe the change in clinical pain and function after open treatment and determine whether failure rates would be higher with increasing severity of hyaline cartilage injury at the time of surgery;
(2) describe the progression of radiographic osteoarthrosis after open treatment and determine whether progression rates would be higher with increasing severity of hyaline cartilage injury; and (3) describe the complications associated with open treatment.
The major limitations of this report are twofold. First, this is an observational study of a case series of patients treated with an evolving surgical approach over an 8-year time period with no true control population. Second, although limited numbers of patients render the study underpowered to make strong statistical correlations between variables such as clinical improvement and severity of articular cartilage damage, the data suggest a trend for failed hips having Grade IV acetabular cartilage damage compared to those hips which did not fail. Moreover, because the study of FAI in general, and treatment methodology of FAI in particular, is relatively new, with little existing literature regarding treatment outcomes and predictors of failure, the current study should provide relevant information to individuals involved in the surgical treatment of patients with FAI. Improvement of clinical pain and function after open treatment of FAI has been documented by several authors. Beck et al. [6] reported improved pain and function based on the Merle d'Aubigné-Postel hip score in 13 of 19 patients at a mean 4.7-year followup. Espinosa et al. [12] reported similarly improved Merle d'Aubigné-Postel hip scores in 60 hips treated with surgical dislocation and noted superior clinical results in hips with labral refixation rather than labral resection. In our original report of the first 30 patients treated with surgical dislocation, we noted an improvement in the HHS from 70 to 87 points at a minimum 2-year followup [33] . In the current series, the HHS improved from 67 to 91 at a mean 24-month followup. All of the aforementioned studies cited postulated that high grade acetabular hyaline cartilage damage was likely to be present in failed hips although none of the conclusions were statistically confirmed. We also observed a higher percentage of failed hips had Grade IV acetabular cartilage damage than those hips that did not fail and given the consistent findings in the studies suspect this relationship would be statistically significant with a greater numbers of hips.
The factors associated with radiographic deterioration of the hip in terms of arthrosis progression are less straightforward. In the original report of our first 30 patients, there was one Tönnis grade of progression in nine hips and two Tönnis grades of progression in one hip; eight of 10 hips with radiographic evidence of progression had Outerbridge IV hyaline cartilage delamination [33] . In the report of Espinosa et al. [12] , there were more radiographic signs of OA in the patients treated with labral refixation (and presumably more aggressive treatment of the injured hyaline cartilage) than in the patients treated with labral resection. In the midterm result paper from Beck et al. [6] , radiographic degenerative changes remained stable or improved in 17 of 19 hips, although several of these hips were converted to arthroplasty despite temporary radiographic improvement or stability. The apparent fact that radiographic progression of OA is a less precise indicator of impending failure of hip preservation surgery is paralleled by our data, which indicate some correlation between radiographic osteoarthrosis progression and more severe acetabular cartilage injury (Outerbridge Grade IV) (p = 0.11) but is confounded by the fact that 23 of the 25 hips (92%) with radiographic evidence of progression of OA continue to function well with an improved HHS ( Table 3) .
The low complication rate (2%) is also somewhat counterintuitive and yet reflected in the overall body of literature related to open treatment of FAI. If the reported results from the studies by Ganz et al. [13] , Murphy et al. [28] , Peters and Erickson [33] , Beck et al. [6] , Bizzini et al. [8] , Beaule et al. [3] , and Graves and Mast [18] on open treatment of FAI are combined, 148 hips are reported on with zero major complications. In the current series, the two complications were related to trochanteric fixation and were perhaps avoidable with better technique. Nevertheless, the low complication rate is comparable to what has been reported for less invasive arthroscopic treatment of FAI [7, 9, 21] .
In summary, at short-term followup, open treatment for FAI in hips without substantial acetabular hyaline cartilage damage reduced pain and improved function with a low complication rate. Treatment of Outerbridge Grade IV acetabular cartilage delamination remains the major challenge. We believe multicenter studies evaluating the outcomes of débridement, microfracture, or rim resection with labral advancement are needed to fully characterize the best approach to treatment of damaged hyaline cartilage. Additionally, further research on the viability of the delaminated acetabular hyaline cartilage and cartilage restoration techniques may broaden and improve the options for joint restoration and salvage for the young patient with FAI.
